Abstract Past research has traditionally argued that management control systems (MCSs) may present a hindrance to the creativity of innovation companies. This theoretical paper surveys the literature to focus an investigation on the MCSs of innovation companies. Within the object of control paradigm the paper develops and presents a theoretical model of the impact of eleven external, organisational and innovation related contingency factors on the MCSs in companies that engage in innovation activities. We also suggest measures for further empirical research. By formulating hypotheses on 43 potential interactions the model predicts contradictory influences on two direct control categories, results and action control, but stresses the importance of two indirect categories, personnel and cultural control. More specifically, the high levels of technological complexity and innovation capability in this type of company are expected to be negatively associated with the application of results and action control, whereas personnel and cultural seem to be more appropriate.
Introduction
This paper aims to develop a testable model, based on a systematic literature review 1 , of the relationship between a broad set of contingency factors and the application of management activity resulted in the implementation of an innovation". 2 As this definition might be too broad and could describe many medium-sized and large-sized companies, a further requirement for the identification of an innovation company could be that these "innovationactive firms" need to be actively involved in research projects with other partners e.g. by being part of an innovation cluster. Research shows that companies that are part of a cluster tend to be more innovative and have higher growth rates than other companies in the same industry (e.g. Baptista and Swann 1998; Beaudry and Breschi 2003; Enright 2003) . The focus of innovation collaboration would also comply with this framework's understanding of 
52). Innovativeness is understood as
"the notion of openness to new ideas as an aspect of a firm's culture" serving as a "measure of the organization's orientation toward innovation" (Hurley and Hult 1998, p. 44 ).
The literature is equivocal about the appropriateness of MCSs to innovation companies because these companies have specific requirements concerning their control systems. On the one hand, it is argued that such companies struggle to balance their need for control and the attempt to maintain creativity for generating innovations (e.g. Amabile 1998; Lukka and Granlund 2003) . Pioneering studies in small and non-complex companies emphasised the role of informal and loose structures in particular in order to enhance innovativeness (Burns and Stalker 1961; Lawrence and Lorsch 1967) . On the other hand, more recent research has stressed the role that specific types of MCSs can play, even in highly innovative companies (e.g. Bart 1993; Abernethy and Brownell 1997; Nixon 1998; Davila 2000; Cardinal 2001; Davila et al. 2009 ). In addition, in companies with high knowledge intensity and enhanced needs for organisational learning, management controls were found useful if developed to address the needs of their professionals (Alvesson 1993b; Kloot 1997; Ditillo 2004; Chenhall 2005 ).
In order to derive a broad insight into the application of MCS in innovation companies, we adopt a contingency theory approach. Contingency theory is based on the view that there is no one-best MCS for all companies, but that systems should be contingent on the circumstances a company faces (Otley 1980) . To provide a structured understanding of the MCSs used in innovation companies, eleven contingency factors from three categories, namely external, organisational and innovation related, are identified from a systematic literature review and a preliminary qualitative study. As the aim is not to investigate single MCS instruments, the Merchant and Van der Stede (2012) framework with its comprehensive picture of MCSs, distinguishing between results, action, personnel and cultural controls, has been adopted. The following figure depicts the contingency variables and potential relationships, positive or negative, with the use of each of the four MCS categories.
Fig 1. Innovation companies' characteristics and their relationships with MCS categories
Although the application of MCSs in innovative settings has been addressed in numerous studies, the literature is fragmented discussing different single control instruments or individual control categories and only a few contingency factors that are expected to be relevant to innovation companies. The contribution of this paper lies in a systematic synthesis of the MCS literature concerning innovative settings and the identification of contingency factors that are expected to be influential in designing the MCSs in these companies. In contrast to only discussing single instruments or specific categories, our paper considers the application of broad categories of control based on the object of control framework (Merchant and Van der Stede 2012) . A variety of authors recommend the application of a more comprehensive and integrative approach, as studies investigating single instruments or a limited number of components of control systems have led to unclear findings or conflicting results (e.g. Otley 1999; Merchant and Otley 2007; Ferreira and Otley 2009 ). In particular, besides direct control categories, also the relevance of indirect controls for innovation companies is addressed.
Through a literature review and a preliminary qualitative study, eleven contingency factors were identified that are expected to be relevant for the given context. MCSs in innovation companies are influenced by traditional contingency factors, in categories of external and organisational characteristics. In addition, the expected influence of three specifically innovation related contingency factors on the control categories is hypothesised. Discussing only the innovation related contingency factors would not account for the various influential factors that innovation companies are confronted with when designing their MCSs. The paper aims to put the framework into academic discussion and to shed light on the dispersed literature of contingency-based MCS literature in innovation settings.
The aim of this paper is to develop a testable model, based on a systematic literature review and a preliminary qualitative study; Section 2 introduces the framework and the contingency factors adopted. In Section 3 the hypotheses are developed, while the final section provides a summary and conclusion.
Theoretical framework
In this section management control systems with their different frameworks are presented by first explaining the framework chosen for this paper. The second part refers to contingency theory and the contingency factors to be included.
Management control systems
MCSs are defined as "all the devices or systems managers use to ensure that the behaviors and decisions of their employees are consistent with the organization's objectives and strategies" (Merchant and Van der Stede 2012, p. 6) . Within the context of innovation companies this research strives to investigate the entire MCS of companies rather than single instruments or controls. This responds to Davila (2000, p. 404) : "researching management control systems in new product development cannot be restricted to traditional accounting measures, but needs to encompass a broader set of measures."
Building on Hutzschenreuter (2009) , this study distinguishes between direct and indirect modes of control based on the degree of interaction with employees. Originally, this differentiation goes back to Jaworski (1988, p. 26) who used the terms 'formal control' for "written, management-initiated mechanisms" and 'informal control' for "unwritten, typically worker-initiated mechanisms". In order to avoid any misunderstandings with Jaworski's understanding of formal control and as some techniques of personnel and cultural control are typically also written and initiated by the management, this study follows Hutzschenreuter's direct-indirect dichotomy. Similarly, Adami (1999, p. 133) uses this differentiation where direct control includes "direct supervision over those performing tasks, quality control, designation of authorization responsibilities, standard operating procedures, rules, and budget and expenditure guidelines", whereas indirect control encompasses "job descriptions, culture, performance appraisals, career advancement, incentives, compensation and remuneration, training and skill development, and the existence of flexible work arrangements" 3 . Hence our framework focuses on formal MCSs, i.e. controls that have been consciously developed and implemented by the organisation's management, and distinguishes these controls by the degree of interaction with employees into direct and indirect modes of control.
Different conceptualisations of MCSs have been developed during recent decades 4 of which some of the most influential frameworks are summarized in the figure below distinguishing between direct and indirect modes of control.
3
In our framework, performance appraisals are part of results control and therefore seen as direct control, due to the direct interaction between management and employee.
4
For a review of conceptualisations of MCS see, for example, Strauß and Zecher (2012) . Hopwood (1976) and Ouchi (1979) were among the first to consider socialization processes as a type of control which they named social control and clan control, respectively. However, these were described as informal controls, evolving without explicit influence by the organisation's management. Additionally, Hopwood (1976) "procedures that facilitate responses to real work contingencies" by providing "users with visibility into the processes they regulate by explicating its key components by codifying best-practice routines" (Adler and Borys 1996, pp. 71 f.).
The 'package of controls' framework of Malmi and Brown (2008) acknowledges that organisations tend to apply very complex systems of control. Their comprehensive model consists of five control types and stresses the importance of informal control, criticizing that most studies focus on accounting or formal control in general. However, Malmi and Brown (2008) will not be followed in this paper as it "broadly maps the tools, systems and practices managers have available to formally and informally direct employee behaviour" (p. 295) and therefore represents a general view on control systems acting as a package. Furthermore, as many innovation companies are small-and-medium sized enterprises, the framework may contain elements that these enterprises are even not aware of. The Anthony and Govindarajan (2007) framework is not included in Figure 2 because it does not distinguish types of control, but develops steps of MCSs in a cybernetic framework. It mainly focuses on instruments of results control, but does not address personnel and cultural control.
Simons ' (1995) levers of control framework, building on the different types of use of control, while explicitly focusing on formal control, does acknowledge the role of social and cultural aspects for control. In particular, interactive controls being defined as "formal information systems managers use to involve themselves regularly and personally in the decision activities of subordinates" (Simons 1995, p. 96 ) represent a very direct way of control. However, as Simons' (1995) framework concentrates on the use of MCSs rather than their design and on MCSs applied only by senior management it is not further considered in this paper.
The extended system-based framework of Ferreira and Otley (2009) is an elaboration of Otley (1999)'s earlier framework of performance measurement systems (PMSs) and incorporates twelve dimensions which include mainly formal control aspects. Of the proposed dimensions, eight relate to the core of the PMS and its components, hence to ends and means, and the other four concern enabling mechanism and features of the PMS. Furthermore the framework represents some aspects of the levers of control framework of Simons (1995) .
However, the Ferreira and Otley (2009) framework neglects social components as part of a control system.
Merchant and Van der Stede's (2012) object of control framework, classifies four categories of control, namely results, action, personnel and cultural control, of which each is initiated by the management and therefore is a formal type of control. For example, cultural control can be fostered by the management through development of codes of conduct, a mission statement, group-based rewards, as well as physical and social arrangements. The object of control framework also reflects concepts of the other frameworks. In Hopwood's (1976) framework, administrative control encompasses both results and action control; whereas in Ouchi's (1979) composition these two types of control can be implemented through bureaucratic and market control as well. The object of control framework also regards enabling control instruments such as employee selection and retention or codes of conduct (Merchant and Van der Stede 2012, p. 5) .
Besides these Anglo-American frameworks which enjoy widespread use in MCS research, there are also MCSs frameworks with significance in other geographical and cultural contexts, e.g. the conceptualisation of 'controlling' in German-speaking countries (e.g.
Guenther 2013
). However as these frameworks are not written in English they are, as yet, relatively unfamiliar globally; hence, their application in this paper might hamper generalizability of the theoretical model. Review and Administrative Science Quarterly using the EBSCO Business Source Premier database. The keywords for the search were "control" and "innovation" or "research and development" or "product development" or "network". Of these, papers with a focus on innovation companies were selected. Further, journals with a focus on innovation and R&D, namely R&D Management (EBSCO Business Source Premier) and Technovation (ScienceDirect), were searched for "management control" or the related MCS categories.
6
For reviews of the contingency-based literature addressing MCSs see Chapman (1997) , Langfield-Smith (1997) , Hartmann (2000) and Chenhall (2003) .
what roles MCSs play for controlling innovation activities and what factors that influence the design of MCSs in these companies can be identified.
Contingency research has been criticised as being "piecemeal" (Fisher 1995) or "fragmentary" (Dent 1990 ) as many contingency-based studies only examine one contingency and one MCS component or characteristic at a time. Therefore Fisher suggests that "the ultimate goal of contingency control research should be to develop and test a comprehensive model that includes multiple control systems, multiple contingent variables, and multiple outcome variables" (1995, p. 24) . The approach of this model is consistent with Fisher (1995) in that it addresses a variety of contingencies and a comprehensive model of MCS categories.
MCSs in innovation companies may be expected to be influenced both by contingency factors identified in the traditional control literature and by innovation related contingency factors. This paper is concerned with the likely impact of a set of eleven contingency factors, of which eight are classified into external and organisational characteristics and three are innovation related. The traditional contingency factors have been included in this innovation company context as this paper represents an academic inquiry discussing which contingency factors might be relevant and to which extent they influence MCSs in the companies studied.
Over the years numerous other potential contingency factors have been investigated; for example, factors concerning the superior-subordinate relationship such as leadership style (Hopwood 1974; Merchant 1985a Merchant , 1990 , managerial roles (Macintosh and Williams 1992) , trust (Ross 1995) and information asymmetry between superiors and their subordinates (Dunk 1992) . Furthermore, various aspects of personality characteristics were used as contingency factors in MCS research: locus of control (Govindarajan 1988) , authoritarianism and collectivism (Harrison 1993) . Also specific firm characteristics such as diversification in a company's structure or product line (Hoskisson et al. 1990 ) have been investigated. In his study on the emergence of MCS in small growing firms, Davila (2005) examined the replacement of the founder with a professional manager as a contingent factor.
Some of the contingency factors mentioned have provided insights in the design of MCSs generally. However it is the aim of this study to build a model of the centrally important contingency factors that influence MCS design specifically in innovation companies.
Therefore a detailed view on the relationship between superior and their subordinates and personality characteristics of managers is not included. Firm structure is included via the level of decentralization and the contingency factor 'ownership dispersion' which includes family owners who are expected to be close to the companies' management.
The framework explores the association between eleven identified contingency variables and the application of the MCS types; hence a 'selection approach' within the framework of contingency theory has been chosen (Drazin and Van De Ven 1985) . This approach, unlike the 'interaction approach' and 'systems approach' (Drazin and Van De Ven 1985) , investigates the context-MCS relationships without linking these associations to performance (Merchant 1985b) . It relies on the assumption that only the fittest organisations survive (Chenhall and Langfield-Smith 1998; Chenhall 2003) . The selection approach has been widely adopted in MCS research (e.g. Carr and Tomkins 1996; Fisher 1996; Chow et al. 1999; Guilding and McManus 2002; Davila 2005; Gerdin 2005; O'Connor et al. 2006) .
As argued by Fisher (1995 Fisher ( , 1998 ) company performance is not contingency theory's only outcome variable 7 and, since it is affected by many variables other than MCSs, the effect of
MCSs is expected to be quite low (Otley 1980) . Donaldson (2001) renamed the 'selection approach' of fit 'managerial choice', as the adoption of organisational dimensions to contextual variables is based on managerial decisions. In addition, it is widely argued that managers would not install MCS instruments that are not expected to enhance performance (Chenhall 2003) . The 'selection approach' is therefore the most appropriate contingency approach for the purpose of modelling why particular MCSs are applied by innovation companies. Although it is expected that MCSs are used due to 'managerial choice', our model also includes contingency factors which can be directly traced to an external force such as customer power, venture capital financing or public funding. However, it is argued that, ultimately, the management decides whether or not to comply with such external pressure by intensifying certain MCS categories. Therefore the 'selection approach' is still argued to be applicable.
Numerous schemes for classifications of contingency variables have been proposed and For instance, organisational outcome variables are effectiveness, efficiency, job related tension and satisfaction (Fisher 1998). characteristics. As the processing characteristics 8 are not a focus for innovation companies, this will be replaced by a category referred to as innovation related characteristics. The following sub-sections elaborate on the eleven contingency factors that are included in the framework.
Contingency factors: External characteristics
Two variables of an innovation company's external environment are expected to be potentially relevant: environmental uncertainty and customer power. Environmental uncertainty is acknowledged to be one of the key contingency factors in MCS research (Chapman 1997; Chenhall 2003) . For example, as Chong and Chong (1997) In order to operationalize environmental uncertainty, the measure of Govindarajan (1984) has been selected; containing one question for the respondent's perceived environmental uncertainty concerning eight different environmental influences. The measure is chosen due to its respondent-friendly structure and compactness compared to other measures such as in Miles and Snow (1978, p. 200) and Khandwalla (1972 Khandwalla ( , 1977 .
Although the influence of a number of large customers on an enterprise's MCS has so far not been studied intensively ( Management accounting systems are part of the overall MCS framework, mainly in the category of results control.
Contingency factors: Organisational characteristics
Six different contingency factors in the category of organisational characteristics are included in the framework: business strategy, technological complexity, decentralisation, ownership, firm size and organisational maturity.
Business strategy is widely addressed in MCS research (Otley 1999; Chenhall 2003) as strategic decisions "take on meaning only as they are implemented through the organization's structure and processes" (Miles and Snow 1978, p. 7) and therefore influence the design of the organisation's MCSs (Langfield-Smith 1997; Chenhall 2003) . There are three main typology frameworks of business strategy which have had a substantial impact on MCSs contingency-based research: strategic pattern of , strategic position of Porter (1980) and strategic mission of Gupta and Govindarajan (1984) . Despite the differences in their inward/outward focus, Segev (1989) showed that the typologies of and Porter (1980) are consistent and argues that "it is no longer necessary for researchers to enrich their view of a strategic situation by the separate application of each typology" (Segev 1989, p. 500) . This framework will adopt Porter's (1980) whereas cost leaders offer standardised products at low prices while reducing production costs, for example with process innovations (Porter 1980) . In order to account for dynamic changes in managerial decision making, this framework recognises Gilbert and Strebel (1987) 's outpacing strategies, which assume that a company may strive for both differentiation and cost leadership. The survey instrument of Chenhall and Langfield-Smith (1998) accounts for the fact that companies may pursue both of these strategic types in varying degrees, and is therefore the basis for the business strategy measure in this framework.
Technological complexity is of specific relevance for innovation companies and is another key contingency factor in MCS research (Chenhall 2003) . Chenhall (2003) condensed different approaches of technology (Woodward 1965; Perrow 1967; Thompson 1967) and summarizes their potential impact on MCSs. For organisations with tailor-made, nonstandard, differentiated products that operate with complex unit technologies, the use of traditional, mechanistic MCSs with a focus on financial control is not appropriate. In contrast, organisations producing undifferentiated standard products using a well-known mass or process production technology are recommended to adopt standardised administrative 10 controls with a focus on traditional, financial controls (Chenhall 2003) . This framework includes technological complexity measured in terms of novelty of technology and technical difficulty of the production processes based on a measure of Carbonell and Rodriguez (2006) .
Organisational structure is a third important contingency factor for MCS research, as an enterprise's structure affects information flows, individual motivation and control systems (Chenhall 2003) . Operationalisation of organisational structure includes variables such as complexity, formalisation, administrative intensity, and decentralisation (Govindarajan 1988) .
Of these four variables, decentralisation is chosen as the proxy for structure in this framework, because complexity is partially reflected by environmental uncertainty and technological complexity. Formalization and administrative intensity are also characteristics of MCSs and are therefore unsuitable for operationalising structure, since otherwise the same phenomena would be used for both the contingency factor and the direct/indirect types of control. The extent of decentralisation is operationalised using the measure of Gordon and Narayanan (1984) due to its broad scope and brevity compared to other measures (e.g.
Govindarajan 1988
). According to Chenhall and Morris (1986, p. 17 ) decentralisation concerns the "degree of autonomy delegated to managers". In particular for innovation enterprises, decentralisation is required in order to provide flexible communication and decentralised decision-making, which are components of Burns and Stalker's (1961) organic style of management. Damanpour (1991) and Wan et al. (2005) both confirmed that decentralisation is positively related to organisational innovation. Furthermore, a study in 80
Spanish SMEs showed that decentralisation is a significant influential factor for innovation outcomes (Martínez-Román et al. 2011) . Hence, although decentralisation may be related to firm size (Pugh et al. 1969) , it is included as a separate contingency factor, in order to account for different decentralisation tendencies expected for innovation companies independently from their firm size.
Studies have shown that ownership structure plays a vital role in the design of an enterprise's MCS (Kamin and Ronen 1978; Jones 1992; Whitley 1999; Sandino 2007) .
Ownership may affect how proactively MCSs are designed by managers and the extent to which they are receptive to changes (Ferreira and Otley 2010) . Ownership structure is reflected in this framework by using the concept of 'ownership dispersion', i.e. the extent to which company shares are diffused among different owners. Family-owned companies have the lowest degree of ownership dispersion; those with a few large corporate owners represent partial ownership dispersion. The strongest ownership dispersion is where firms are owned by a large number of minority owners, particularly if the shares are listed. Since there is significant variation in ownership structure of innovation companies, it is adopted as a contingency variable.
Firm size, measured by numbers of employees 11 , is seen as a critical dimension for organisational structure and control activities, as it limits the possibility of managers to personally monitor their subordinates (Child 1973b) . As the size of a company increases the amount of information to be processed by management rises: an arithmetical increase in organisational members leads to an exponential increase in communication networks (Kimberly 1976) . Therefore, with increasing size informal controls become less suitable and control has to become more formalised (Davila 2005) . As innovation activities are undertaken by companies of all sizes (OECD 2005) and firm size is seen as an influential contingency factor it is included in this framework.
Organisational maturity is selected as the final contingency variable of this category. Life cycle theory argues that organisational life can be divided into different stages, with each of these stages being characterized by a specific environmental and organisational context; accordingly, different organisational structures and strategies, and levels of innovation are apparent (Miller and Friesen 1983 As shown by the study of Moores and Yuen (2001) firm size does not increase gradually through the companies' life cycle stages. However, potential correlation would need to be tested when empirically assessing the framework. As the relevance of the organisational life cycle has been confirmed for high-tech firms (Granlund and Taipaleenmäki 2005) and also for SMEs (Hutzschenreuter 2009 ) the impact of organisational maturity on MCS design is assessed in this study. Due to its focus on technology driven companies the measure of Kazanjian (1988) stage are considered as immature companies, whereas mature companies are in the stability stage of the life cycle.
Contingency factors: Innovation related characteristics
Three contingency factors which are particularly relevant in an innovation context, innovation capability, venture capital financing and public funding, are considered in a separate category.
The common characteristic of the companies examined in this paper is their striving for innovations. One of the main factors in this context is an enterprise's innovation capability, which is understood in this study as "the ability of the actors to generate, diffuse, and utilize innovations that have economic value" (Yam et al. 2011, p. 392) . Although all of the enterprises in this research are innovative in nature, their degree of innovation capability will differ. 12 The term 'innovation capability' needs to be distinguished from 'innovativeness'.
The former concerns the "implementation or adoption of innovation" whereas 'innovativeness' describes the "initiation of and receptivity to innovation" (Hurley and Hult 1998, p. 45) . The measure used by Nassimbeni (2001) is selected as it is applicable to a wide range of innovation companies and contains a measure of inter-organisational relationships arising from increasing networking tendencies between innovation companies. In addition, it does not require respondents to provide commercially sensitive figures and is therefore respondent-friendly. The original measure of Nassimbeni (2001) identifies the following components of innovation capability: ability to generate product and process innovations, amount of investment in innovation, inter-organisational relationships.
13
In order to develop innovation capability, enterprises need to adjust their organisational structure, strategy (Nonaka and Takeuchi 1995) , and market, learning and entrepreneurial orientation (Hult et al. 2004) . Several studies on MCSs have acknowledged the role that the specific characteristics of innovative enterprises play regarding the implementation and design of MCSs. For instance, the importance of control through the expenditure budget 14 rises with the size of R&D work groups, increasing external R&D funding and increasing budget size (Rockness and Shields 1988) . In his study of MCSs in new product development 12 For a review of the concept of innovative capability see Martínez-Román et al. (2011) . 13 The fourth component of this original measure, human resource management (HRM), is not used in this framework in order to avoid any collinearity problems with the construct of personnel control.
14 Rockness and Shields (1988, p. 577 ) measured "control through the expenditure budget" as "perceived importance of the expenditure budget for management control of R&D".
settings, Davila (2000) reveals that project uncertainty and product strategy are crucial to MCS design. Cost and design information show a positive effect on product development performance, and time information a negative effect. In his investigation of MCSs in knowledge-intensive companies, Ditillo (2004) found that depending on the type of knowledge complexity prevalent in a firm, different control types have to be applied:
computational complexity requires action control, technical complexity tends to be regulated through results control and cognitional complexity requires competencies, values and beliefs.
Control in these companies is seen to fulfil two roles: coordination of activities and integration of knowledge. In early-stage entrepreneurial companies Davila et al. (2009) identified the following reasons-for-adoption of new product development MCSs:
legitimization of the company, contracts with other organisations, a proactive management background and proactive need to focus, as a reaction to chaos or learning. Our framework acknowledges that enterprises which strive for innovation need specific MCSs which fit their specific characteristics. Therefore innovation capability is included as a contingency factor.
More recently, type of financing has been identified as a factor potentially influencing the implementation and design of MCSs (e.g. Sweeting 1991; Mitchell et al. 1997; Davila 2005; Foster 2005, 2007; Sandino 2007; Silvola 2008) . The crucially important role of venture capital (VC) as a source of financing in particular for innovation and high-technology companies is well acknowledged (Rosenstein et al. 1993) . Furthermore, Granlund and Taipaleenmäki (2005) confirm that the presence of VC funding leads to more sophisticated MCSs. Venture capital in an innovation company is understood in this framework as 'short/medium term equity funding by an investment company'. A measure could for example build on Howorth and Westhead (2003) by asking respondents for the extent of use of venture capital as a source of financing.
The third contingency factor in this innovation related category is public funding which was identified during this project's preliminary qualitative study. Managers of innovation companies argued that controls have been adopted as a response to the application procedures for public funding. In order to protect public funds, strict requirements have to be fulfilled before public funding can be received; it differs from private funding, as for receiving public funding, the required controls need to be installed ahead, whereas for private funding controls are often implemented during the financing process. In addition, private investees are rather interested in long-term controls, for example venture capitalists require financial budgets (Bruining et al. 2004) , or operating and cash budgets (Davila and Foster 2005) to be installed on a regular basis whereas for public, generally non-equity, funding 'only' cost projections or process steps of the respective project have to be provided. It became clear that public funding is an important issue in R&D projects which are frequently recipients of considerable amounts of such funds. In order to apply for governmental funding, several requirements generally have to be met; depending on the funding source, the application needs to include a projection of R&D process steps, milestones and detailed cost figures, which are instruments of the categories action and results control. The authors are not aware of public funding having previously been applied as a contingency factor in MCS research. However as the relevance of this source of financing as an influential factor on control has been stressed by managers during the preliminary qualitative study, it is included. Public funding could, like venture capital, be measured by means of a single question about the extent of use of public funding as a source of financing.
Development of hypotheses
In this section, relevant findings of the MCS literature are briefly reviewed in order to derive the hypotheses relating to eleven contingency factors and their predicted association with the four MCS categories. In the narrative that follows, an association of a contingency factor with
MCSs is interpreted as a relationship which would be empirically manifested by a change in the intensity of use of the respective MCS category.
External characteristics and the four categories of MCSs

Environmental uncertainty and categories of MCSs
Results control serves as an ex-post control mechanism. Originally Thompson (1967) postulated that performance standards cannot be set if there is high environmental uncertainty, and that reliance on results control was inappropriate for settings of high uncertainty and information delivered by accounting measures was seen to be incomplete (Hirst 1981) .
However, later studies (Gordon and Narayanan 1984; Chenhall and Morris 1986) found positive associations between environmental uncertainty and use of supplementary external, non-financial and prospective accounting information. Specifically, Chenhall (2003) maintains that results control can actually support decision making in uncertain situations.
Similarly, Kärreman et al. (2002) acknowledged that MASs support uncertainty reduction and results control applied in an R&D setting was found by Cardinal (2001) to enhance both incremental and radical, innovations.
Thus we hypothesize:
H1a: The extent of results control is positively associated with the degree of environmental uncertainty an innovation company faces.
In contrast, the use of action control is viewed to be negatively associated with environmental uncertainty. The application of action control requires that managers must possess knowledge about means-end relationships (Ouchi 1977) . But in uncertain situations, a procedure cannot be prescribed and administrative and technical barriers may hamper the production process in unexpected situations. Additionally, of particular relevance for innovation companies, several authors warn that too intensive action control may result in routine actions and a resistance to change (Merchant 1985b; Jaworski 1988; Cardinal 2001; Sarin and Mahajan 2001; Bonner 2005) . There is consensus that concentration on action control may lead to an overemphasis of internal processes and the inability of employees to deal with uncertainty (Merchant 1985b) .
H1b: The extent of action control is negatively associated with the degree of environmental uncertainty an innovation company faces.
Abernethy and Brownell (1997) confirmed the importance of personnel control if there is high uncertainty. If employees are selected and trained well, they are better able to assess how different aspects of external uncertainty will affect internal processes (Chapman 1997) . Hence in settings with high uncertainty the company will seek to enable its employees to cope with uncertain situations through personnel control. Accordingly, it is proposed:
H1c: The extent of personnel control is positively associated with the degree of environmental uncertainty an innovation company faces.
According to Speklé (2001) , when confronted with high uncertainty, enterprises will strive to establish an environment of commitment and congruency in order to achieve organisational goals. In particular, in the highly uncertain environment in which knowledge-intensive and high-tech companies operate, Alvesson (1993a) finds that cultural control is important. This opinion was also expressed by Ouchi (1979 Ouchi ( , 1980 , one of the first authors discussing the existence of cultural control which he labelled 'clan control'. Cultural control seeks to create overall commitment through shared values and social norms and is therefore well suited.
H1d: The active promotion of cultural control is positively associated with the degree of
environmental uncertainty an innovation company faces.
Customer power and categories of MCSs
Since powerful customers decrease a company's ability to charge high prices, it is argued that cost pressure is much stronger for companies that are confronted with high buyer power (Scherer and Ross 1990 ). This was also reflected by the study of O'Connor et al. (2011) who showed that large international customers exert pressure on their suppliers' profit margins.
Furthermore, Fuentes-Fuentes et al. (2007) revealed that companies that were confronted with high buyer power stressed quality management techniques that pursue a cost reduction strategy. As results control is an important tool for strategies of cost reduction Porter 1980) , it is hypothesised:
H2a: The extent of results control is positively associated with the degree of customer power faced by an innovation company.
A positive impact of customer power 15 on action control is expected. Strong business dependency can lead to pressure on a company to copy the patterns of behaviour of the stronger business partner (Guler et al. 2002) . In particular it has been shown that powerful customers are a main reason for obtaining quality certifications (e.g. Rayner and Porter 1991; Vloeberghs and Bellens 1996; Brown et al. 1998 ). The adoption of quality systems in order to obtain certification is accompanied by increased formalisation and documentation to provide transparency of the characteristics of all organisational activities (Santos and Escanciano 2002) . For example, the following six stages need to be undertaken when implementing a quality management system: planning of the implementation, documentation planning, definition of all organisational processes and quality practices, verification and validation of the quality management system, deployment and continuous improvement (Nanda 2005) .
Thus the implementation of quality management systems in order to obtain the ISO 9001
certificates requires compilation of all organisational processes in a manual, in which each process is described and competencies are defined, i.e. action control. Due to the strong influence of large customers on procedures performed by their suppliers it is hypothesised:
H2b: The extent of action control is positively associated with the degree of customer power faced by an innovation company.
Obtaining quality certificates due to high customer power leads to employee participation and an enhanced learning environment in the enterprise (Santos and Escanciano 2002) . 15 As explained in Section 2.2.1, high customer power is expected to be prevalent if few customers make up a large share of a company's total sales based on a measure of O'Connor et al. (2011) .
Additionally, through the diffusion of patterns of behaviour to the dependent organisation, technical and scientific knowledge of the customer becomes available to the supplier (Guler et al. 2002) . In the preliminary qualitative study for this framework, one of the managers reported that, in some industries, the supplier is required by its larger customers to send employees to workshops regularly. Therefore a positive impact of high customer power on personnel control is predicted:
H2c: The extent of personnel control is positively associated with the degree of customer power faced by an innovation company.
Although there are few studies of the impact of customer power on the application of cultural control, a positive association is expected. Gupta and Govindarajan (2000) 
Organisational characteristics and the four categories of MCSs
In the following sub-sections, hypotheses concerning six organisational contingency factors and their impact on the MCS categories are derived.
Business strategy and categories of MCSs
Although the use of some results controls has been shown to benefit companies following a differentiation strategy (Simons 1987; Collins et al. 1997 ), these findings stand in contrast to arguments that a differentiation strategy, being achieved through creativity and innovation, requires less formal types of control Van der Stede 2000) . It was shown that financial controls were less intensively monitored in differentiator-type companies (Porter 1980) , and differentiators with less intensive use of budgetary controls are more effective (Govindarajan 1988; Govindarajan and Fisher 1990) . Cost leaders, pursuing the opposite business strategy, have been found to use cost controls in order to monitor costs and achieve operating and cost objectives. They display an emphasis on controls that enhance efficiency and problem solving Dent 1990; Langfield-Smith 1997) , leading to the following hypothesis:
H3a: Innovation companies following a differentiation strategy will place less emphasis on results control than companies following a cost leadership strategy.
Too intensive action control may lead to an overemphasised focus on the realisation of prescribed actions instead of experimentation and a flexible response to customer satisfaction (Bonner 2005 ) and is therefore not beneficial for differentiators. However, companies pursuing a cost leadership strategy require the creation of standard procedures , a continuous improvement of their existing processes (Hamel and Prahalad 1994 ) and reduction of non-value added activities (Hayes et al. 1988 , cited in Chenhall & Langfield-Smith (1998 ) and may therefore rely strongly on action control. Thus,
H3b: Innovation companies following a differentiation strategy will place less emphasis on action control than companies following a cost leadership strategy.
Arthur (1992) reported that a differentiation strategy is linked to employee training and skills. Likewise, Peck (1994) revealed a positive impact of a differentiator-type strategy on the application of personnel control. Although personnel control is also important for cost leadership-type companies in order to develop highly specialised jobs ) and personnel with process engineering skills and experience in the realisation of economies of scale (Govindarajan and Fisher 1990) , it seems to be even more relevant for differentiatortype companies. Thus,
H3c: Innovation companies following a differentiation strategy will place higher emphasis on personnel control than companies following a cost leadership strategy.
Interpersonal control, consisting of the personnel and cultural control categories, has been found appropriate for differentiators, as employees in these companies should be free of inflexible limits to creativity and flexibility (Auzair and Langfield-Smith 2005) . Also, Peck (1994) reported that differentiators are associated with a work culture based on cooperation, trust and mutually supportive behaviour. Osterman (1994) showed that companies following a differentiation strategy tend to apply more flexible work practices such as work teams and job rotation which foster cultural control. In summary, as the implementation of shared norms and values seems to be more important for a differentiation strategy it is proposed that,
H3d: Innovation companies following a differentiation strategy will place higher emphasis on the active promotion of cultural control than companies following a cost
leadership strategy.
Technological complexity and categories of MCSs
Technological complexity is understood in this study in terms of novelty of technology and technical difficulty of the production processes based on a measure of Carbonell and Rodriguez (2006) . The dimension 'technical difficulty of the production processes' of this concept of technological complexity captures Perrow (1970)'s notion of task uncertainty defined by the two dimensions task analysability and number of exceptions. In highly complex settings, it becomes more difficult to express the outcome of transformation processes in numbers; relying on accounting figures, a main component of results control, is inappropriate (Chapman 1997) . This was corroborated by Abernethy and Brownell (1997) showing that the application of accounting controls in settings of high task uncertainty leads to reduced R&D performance. Thus, it is hypothesised:
H4a: The extent of results control is negatively associated with the degree of technological complexity prevalent in an innovation company.
Van de Ven et al. (1976) showed that with increasing task uncertainty an impersonal mode of coordination by rules, procedures, plans and schedules decreases, in favour of more personal and group-based modes of coordination. This is in line with arguments of Reeves and Woodward (1970) that in situations of high technological complexity, management is not able to prescribe all activities and processes to be undertaken, hence making action control unsuitable. Similarly, Snell (1992) confirmed the negative impact of workflow integration on the use of action control. Summing up these arguments, it is expected that
H4b: The extent of action control is negatively associated with the degree of technological complexity prevalent in an innovation company.
Snell and Dean (1992) stressed the role of a skilled labour force by showing that the use of advanced manufacturing techniques is positively related to the intensity of personnel control.
In settings with low task analysability and a high number of exceptions, the application of personnel control was shown to be positively related to R&D performance (Abernethy and Brownell 1997). Thus, we share the view that more complex technologies require a highly skilled labour force, so management will stress careful employee selection and training and development. It is therefore expected that,
H4c: The extent of personnel control is positively associated with the degree of technological complexity prevalent in an innovation company.
Wilkins and Ouchi (1983) suggest that in situations of high ambiguity and difficulty, as for high technological complexity, direct types of control need to be replaced by cultural control.
Technological complexity requires a high degree of functional speciality because tasks are less repetitive and routine, demanding sophisticated problem-solving procedures. Hence employees need to be fully committed to their specific tasks, thus reducing competition within the firm because each organisational member has a specialised task. This 'moral commitment', as coined by Baliga and Jaeger (1984) , fosters cultural control, which management will aim to increase. Thus,
H4d: The active promotion of cultural control is positively associated with the degree of
technological complexity prevalent in an innovation company.
Decentralisation and categories of MCSs
Results and action controls are used to a greater extent in decentralised firms (e.g. Bruns and Waterhouse 1975; Merchant 1981 Merchant , 1984 . More specifically, it was shown that in decentralised companies, managers will seek information which is more aggregated and integrated (Chenhall and Morris 1986) , will increase the use of divisional performance measures (Abernethy et al. 2004 ) and will use more sophisticated MA practices (Abdel-Kader and Luther 2008). Overall, if there is a high extent of decentralisation, the MCS literature reveals that there will be an increased need for results control in order to ensure that organisational goals are achieved. It is therefore expected:
H5a: In innovation companies the extent of results control is positively associated with the degree of decentralisation.
The use of action control is considered unsuitable in decentralised companies as, once decision-making authority has been delegated, actions cannot be prescribed since lower level managers decide which actions to take and how these have to be realised (Williams and van Triest 2009 ). In addition, close supervision, also part of action control, is less possible in decentralised structures. Snell (1992) drawing on the organisational models of Thompson (1967) and Ouchi (1977 Ouchi ( , 1978 therefore concludes that while results control is useful for decentralised companies, action control is not. Therefore in decentralised companies, action control will be replaced by results control and the indirect control categories.
H5b: In innovation companies the extent of action control is negatively associated with the degree of decentralisation.
Decentralisation has been shown to lead to higher levels of perceived agent authority as activities are controlled by lower management levels (Child 1973a) . Management must ensure that subordinates are able to take decisions that are in line with the organisational goals and to carry out these decisions effectively. Also Perdomo-Ortiz (2006) argues that personnel control is key to empowerment and delegation of decision making authority. Hence self-control which is the essence of personnel control, needs to be enabled by increased focus on the selection of new employees and their subsequent training and development. Therefore it is expected that,
H5c: In innovation companies the extent of personnel control is positively associated
with the degree of decentralisation. Lawrence and Lorsch (1967) maintained that decentralisation on the one hand goes with a higher diversity of management techniques, norms and values; but on the other hand there is a greater need for coordination and integration. Weick (1987, p. 124) argues that a shared culture is needed in decentralised organisations because it "adds in latitude for interpretation, improvisation, and unique action". These behaviours are especially required in the innovation companies of this framework. This would foster the argument that cultural control is an important category of control in decentralised companies. It is therefore hypothesised:
H5d: In innovation companies the active promotion of cultural control is positively
associated with the degree of decentralisation.
Ownership and categories of MCSs
Concentration of ownership has been found to be positively associated with centralisation, but negatively associated with formalisation and to a weaker extent with standardisation (Child 1973a ). Davila (2005) maintains that the founder, viewed as close ownership in this study, may potentially be replaced by a new CEO if the company requires professional management when it starts growing. In his study the replacement of the founder by a new CEO was linked to the adoption of results control. Reid and Adams (2001) confirmed that a significantly higher proportion of non-family firms used appraisal systems for managers than family firms.
Also, after a company has gone public on a stock exchange, groups of stakeholders demand that it implements sophisticated controls and installs professional management (Granlund and Taipaleenmäki 2005) . In summary, it seems that dispersed ownership is associated with greater reliance on results control, because there is a stronger external pressure to implement results control. Incentive contracts based on results are frequently used to align the interests of managers with those of owners. Furthermore, dispersed minority shareholders need to use results control to keep track on the business from a distance. Therefore it is expected that,
H6a: The extent of results control in innovation companies is positively associated with the dispersion of share ownership.
Originally Child (1973a) held that a concentration of ownership was related to centralisation, requiring more standardised rules and procedures (Whitley 1999 ). In addition,
as Whitley (1999) argued based on theoretical considerations, owners of large blocks of shares are more locked into their company, making it more difficult to change their major decisions and hence they might insist on running a formal system of rules. However, more recent empirical evidence shows that dispersed ownership tends to positively influence the adoption of action control. For instance, evidence was found that CEO replacement had a significant positive effect on action control, in particular for small firms (Davila 2005 ). This was interpreted as an early replacement of the founder, by an experienced CEO, being related to the founder's inability to install action control (Davila 2005) . Johannisson and Huse (2000) argue that owners of traditional family businesses, representing close ownership, usually stay close to the specific operations of their company. It can therefore be expected that familyowners do not install formal rules and procedures because they know their business and its operations and are able to monitor these without a high extent of formalisation and standardisation. Based on the empirical evidence of previous studies it is expected that,
H6b: The extent of action control in innovation companies is positively associated with the dispersion of share ownership.
A positive impact of ownership dispersion on personnel control is expected as founders usually control their company and established staff with their vision but often fail to transfer their vision to new employees (Davila 2005) . The replacement of the founder by a new CEO was shown to have a positive effect on the adoption of personnel control (Davila 2005) .
O'Connor (1995) reports that local family-owned companies were less focussed on training and development of managers. Therefore in this study on innovation companies it is expected that,
H6c: The extent of personnel control in innovation companies is positively associated with the dispersion of share ownership.
Although the importance of social control exerted by the entrepreneur was stressed in a case study of Collier (2005) , it is expected that the instruments of cultural control are more intensively applied in companies with a separation between ownership and control. For example, Grugulis et al. (2000) report from a case study that the management started to institutionalize events, such as weekend outings, sports competitions or fundraising events, that had previously been executed by the owner-manager in a personal manner; in addition a culture statement was developed by the 'cultural manager' of this firm. Reid and Adams (2001) confirmed that a significantly higher number of non-family firms adopted a mission statement than family firms. Thus,
H6d: The active promotion of cultural control in innovation companies is positively
associated with the dispersion of share ownership.
Firm size and categories of MCSs
In growing organisations with an increasing number of hierarchical levels, management will experience an increasing loss of control (Williamson 1975) . Also in the MCS literature growing firm size was found to cause communication and control problems (Merchant 1981 (Merchant , 1984 . Child (1973b, a) found organisational size to be positively related to standardisation, formalisation and specialisation. As shown by Burns and Waterhouse (1975) and Merchant (1981) , with growing firm size management tends to apply more formal and highly developed budgeting systems and more intensive management involvement in budgeting. As firms grow they are also more likely to implement the Balanced Scorecard (Hoque and James 2000), which is a comprehensive type of results control. In addition, Holthausen et al. (1995) revealed a positive impact of firm size on proportion of managers' compensation based on long-term results. Hence it is expected that,
H7a: In innovation companies, the extent of results control is positively associated with firm size.
With growing firm size, impersonal action control becomes more formalised using procedure guides, rules and manuals that take over the role of direct supervision (Snell 1992) . Davila (2005) corroborated that firm size was positively associated with the extent of formalisation of action control. This finding was explained by the need for codification and documentation of organisational knowledge into routine actions which require less management attention. In summary, it is expected that management needs to rely on formal rules and procedures if firm size increases. Hence,
H7b: In innovation companies, the extent of action control is positively associated with
firm size. Snell (1992) showed that the extent of personnel control increases with firm size. An explanation was that large firms tend to spend more money on human resource management.
As Ouchi (1979) argued, selection and training programmes are used in order to socialise organisational members in order to achieve organisational goals through self-control. Also Davila (2005) confirmed that firm size is positively related to the adoption of personnel control. It is therefore expected that, 
Organisational maturity and categories of MCSs
As companies become more mature, moving from start-up through commercialisation and growth, the complexity of decision-making and information processing rises (e.g. Miller and Friesen 1983; Gul 1991; Gupta and Chin 1991; Simons 1995) . With progression through each stage, MA practices need to deliver more information with a differing focus in order to enable managerial decision-making (Moores and Yuen 2001) . Several studies have shown that the extent of results and action control increases from early to mature stages of the life cycle (Moores and Yuen 2001; Auzair and Langfield-Smith 2005; Granlund and Taipaleenmäki 2005) which is also in line with the pioneering models of Friesen (1983, 1984) and Kazanjian (1988) . Therefore, for both types of direct control, a positive impact of organisational maturity is expected:
H8a: The extent of results control is expected to be higher in mature innovation companies than in immature innovation companies.
H8b: The extent of action control is expected to be higher in mature innovation
companies than in immature innovation companies.
Companies will have to hire employees in order to be able to carry out all business activities as they progress through the life cycle stages (Miller and Friesen 1983) . Mature companies, as Schuler (1989) maintains, already have their own internal labour market and have established training and development programmes. Jobs tend to be more specialised providing a further challenge for employee selection and staffing. With respect to innovation companies, Chow and Gong (2010) confirm that knowledge-based and commitment-based HR policies play the most important role in the growth stage of technology-intensive companies. As HR policies take time to be developed and implemented, it is expected that in mature companies personnel control will be more sophisticated.
H8c: The extent of personnel control is expected to be higher in mature innovation companies than in immature innovation companies.
Cultural control refers to group control exerted through an internalized system of shared beliefs and values (Merchant and Van der Stede 2012) . A major prerequisite for this internalization is long-term employment, i.e. employees should be employed by one company for a long period to be very loyal to it and behave in a desired manner (Baliga and Jaeger 1984) . Although there are arguments that immature firms have a more innovation-and creativity-seeking culture (Bahrami and Evans 2000) , this could also mean that managers of mature companies need to implement specific tools such as a mission, group based rewards, and organisational events in order to maintain this cultural intensity. This argument, in line with the finding that culture needs a long-term horizon in order to be internalized (Baliga and Jaeger 1984) and that the adoption of cultural control takes a longer period of time (Wilkinson and Oliver 1992) , leads to the hypotheses that H8d: The active promotion of cultural control is expected to be higher in mature innovation companies than in immature innovation companies.
Innovation related characteristics and the four categories of MCSs
We turn now from contingency factors affecting companies generally to those characteristics particularly associated with their striving for innovation, and consider the relationship between those characteristics and MCSs.
Innovation capability and categories of MCSs
Highly innovative firms experience difficulties balancing the need for control of their business on the one hand, against the requirement for flexibility in order to be able to generate innovations on the other hand (Lukka and Granlund 2003) . Innovation capability is measured in this model using Nassimbeni's (2001) three components: ability to innovate or develop product and process innovations, investments in innovation, and inter-organisational relationships. With regards to results control, it was argued that a strong focus on this at the divisional level, can lead management to lose sight of strategic investments, especially in R&D and therefore long-term growth and sustainability (Hill and Hoskisson 1987) . Granlund and Taipaleenmäki (2005) report that often CEOs of new economy firms explain that they have insufficient resources to implement management control. In addition, it was shown that there is only limited need for results control instruments such as product or customer cost and profitability analysis as, in particular, headcount is by far the highest cost driver due to the high R&D intensity in these firms, and as sales are hardly predictable due to the high uncertainty (Granlund and Taipaleenmäki 2005) .
However, results control not only provides financial constraints but is also able to deliver useful wider information for innovative companies. concerning measurement of innovation outputs have been reported by several studies (Randle and Rainnie 1997; Kerssens-van Drongelen and Bilderbeek 1999; Hertenstein and Platt 2000) .
As another facet of innovation capability, specific results control techniques have been shown to be of relevance for managing collaborations, but the analysis of open-book accounting in networks of Kajüter and Kulmala (2005) and performance information (Mahama 2006) only concerned functional instead of innovative products. Further, in an R&D collaboration setting it was shown that the application of complete formalized target costing schemes did not fit into the technology-driven environment of suppliers (Mouritsen et al. 2001 ).
The adoption of open-book accounting in a collaboration of innovative firms resulted in increased standardization of production and thereby decreasing individuality and speciality of the products (Mouritsen et al. 2001 ) which might be problematic to innovation companies.
The performance effect of results control in R&D settings was subject to several studies:
Cardinal (2001) reveals positive effects on incremental and radical innovation whereas later studies of Bonner et al. (2002) and Bisbe and Otley (2004) In summary, although acknowledging the role of results control for companies that strive for innovations, it is expected that,
H9a: The extent of results control is negatively associated with the extent of innovation capability of an innovation company.
Activities concerning the generation of innovations or networking with external partners are not readily standardised into prescribed rules and procedures and hence action control is often not applicable (Merchant 1985b ). In addition Randle and Rainnie (1997) warn that an attempt to codify and strictly control scientific behaviour runs the risk of hampering creativity and commitment. In contrast, Dekker (2004) stressed the role of action control for managing inter-organisational cooperation as another component of innovation capability. However, the innovation cooperation in the case study discussed by Dekker (2004) focusses on cost reduction and therefore is of incremental nature. Still, the first component of innovation capability, the ability to generate product and process innovations, is expected to suffer from high levels of action control. High formalisation will, as March and Simon (1958) maintain, hinder experimentation. Thus, it is predicted that:
H9b: The extent of action control is negatively associated with the extent of innovation capability of an innovation company.
Creative and competent human resources is, as the literature maintains, a crucial requirement for innovative companies (Thompson 1970; Randle and Rainnie 1997) . It has been confirmed that highly innovative companies train their staff the most (Freel 2005) and personnel control has a positive impact on the likelihood of radical and incremental innovation (Cardinal 2001) . Since the importance of personnel control to the generating of innovations seems to be generally accepted, it is hypothesised: 
Venture capital and categories of MCSs
Venture capitalists need to exert control from a distance especially when they are not part of the management board (Jeng and Wells 2000) . In addition, venture capital financing has been shown to be associated with a strong short-term interest of the financiers (Granlund and Taipaleenmäki 2005) . Therefore results control is appropriate in order to ensure that tasks are accomplished as agreed on and that organisational members strive for the achievement of organisational objectives. It has been shown that venture capitalists use their power over their investee's management in order to influence the type of information they receive, its quality and frequency (Sweeting 1991; Mitchell et al. 1995; Wright and Robbie 1996) . Furthermore it has been reported that VC financing is positively related to the use of financial budgets (Bruining et al. 2004 ), operating and cash budgets (Davila and Foster 2005) and more frequent reporting (Robbie et al. 1997; Bruining et al. 2004) . It is therefore hypothesised that,
H10a: The extent of results control is positively associated with the extent of venture capital funding.
Even in the absence of direct influence of venture capitalists on operations, a company will still need to monitor its processes. Interestingly, Sapienza (1992) showed that for high innovation ventures the more frequent the contact between the venture capitalist and the CEO
and the more open the communication was, the more the company benefited from the VC financing. Also Baron and Hannan (2002) confirm that there is a stronger or earlier tendency to bureaucratise in high-tech start-up companies that are VC-backed. As another argument for a stronger application of action control, as is the case for results control, it is expected that the investee management experiences external pressure to formalise control and to cope with a perceived loss of control (Mitchell et al. 1997) . Thus, Of the four categories of control systems, cultural controls are not anticipated to be significantly affected. This is because VC, understood as a short-to medium term source of finance in this framework, is not expected to require the development of shared values and hence there will be less promotion of cultural control. Therefore no hypotheses are derived for this category of MCS.
Public funding and categories of MCSs
To the authors' best knowledge, public funding has so far not been modelled as a contingency factor in MCS research. 16 Therefore, the following hypotheses are based on general requirements for receiving public funding, and specifically on guidelines in Germany 17 . The application criteria for public funding schemes guide companies towards an increased focus on cost data and project milestones. A detailed forecast of project costs and a project plan has to be submitted. 18 The obligation to retain project documents for a longer period of time allows past data to inform planning and controlling of current and future projects. Hence results control in innovation companies is encouraged. It is therefore hypothesised that,
H11a: The extent of results control in innovation companies is positively associated
with the extent of financial support from public sector sources.
Furthermore, project plans with specific task competencies have to be developed. Using data stored in the retained past project documents, it is possible to formulate procedure guides in order to coordinate future projects. Therefore it is expected that,
H11b: The extent of action control in innovation companies is positively associated with
the extent of financial support from public sector sources.
In subsidised innovation projects there is also a strong focus on the skills and knowledge of the personnel who will run the project. Public support in most countries may be expected to require that the projects being considered will demonstrably be "in the public interest". In particular, such projects may be justified by the stimulus that they may have in economically depressed regions, and the improvement in employee skills, education and training that will persist and spread. For governments to be satisfied that such benefits are really being created they are likely to require minimum standards of training, quality and control techniques to ensure they are achieved and can be evidenced. For example, in Germany, in order to verify 16 The importance of the contingency factor "public funding" has been identified during the preliminary qualitative study (see Section 2.2.3) and the hypotheses are supplemented by these observations. 17 Guidelines in other countries are believed to be similar, given EU legislation.
18 For this framework, the standard application form (version 3.04 as of 04.09.2013) of the Central Innovation Programme
SMEs for individual project funding in Germany has been used to assess the application requirement for public funding (attachment 4 of the application form Public funding is only available to companies which adhere to funding regulations, deliver project certificates after completion and show compliance during the project term. Companies which fail to comply run the risk of being excluded from future funding. Hence it is important that employees comply with the project rules and treat public resources carefully. This may also lead to the development of a set of common (shared) values which control the behaviour of colleagues. Also the instruments of cultural control, like the mission statement, can be used to engage external stakeholders such as the government who subsidized a project (Klemm et al. 1991) . It can therefore be expected that:
H11d: The active promotion of cultural control in innovation companies is positively associated with the extent of financial support from public sector sources.
Summary and conclusion
A summary of the hypotheses derived above shows a mixed picture regarding the emphasis placed by innovation companies on the four MCS categories. Over recent years research has acknowledged the beneficial role that MCSs can play in innovation companies. The relationships hypothesised by this paper's framework are summarised in Table 2 below. Expected relationships: + positive -negative < impact of differentiation strategy is weaker than of cost leadership > impact of differentiation strategy is stronger than of cost leadership
The proposed framework suggests that for innovation companies, particular attention should be devoted to the design of management control. For the direct types of control, results and action control, the 'message' is not straightforward. While for most of the eleven contingency factors a positive impact on the use of results control is hypothesised, two potential contingencies are anticipated to have a negative association: technological complexity and innovation capability. Hence, in particular results control instruments such as performance measures (e.g. ROI, inventory control, quality measures), budgets, and reward structures should be carefully chosen. Likewise, intense action control by applying e.g. procedure guides, operating manuals, physical or administrative constraints needs to be handled carefully in innovation companies as four contingency factors are expected to be negatively associated with this type of control. For business strategy, it is expected that cost leaders will apply both types of direct control more intensively than will differentiators. Strikingly, for all eleven contingency factors a positive impact on the indirect types of control, namely personnel and cultural control, is predicted 19 . Hence personnel control with its focus on employee selection, job design, training and development, and active promotion 19 Except for a not hypothesized effect of VC on cultural control.
of cultural control by establishing shared values through e.g. codes of conduct, team rewards are of particular use for managers of innovation companies to guide employees towards organisational goals given different contingencies.
Overall, the non-uniform and nuanced nature of this framework is supported by the MCS literature. It shows that the MCS categories do not work in isolation (Abernethy and Chua 1996; Gerdin 2005) . By the early 1980s Otley (1980) and Flamholtz (1983) had recognized that direct controls are only effective if they are accompanied by indirect types of control. In particular innovation companies require indirect controls in order to retain, and support, flexibility and creativity.
Overall, indirect controls seem to be better suited to the specific contingencies faced by innovation companies. The focus of personnel and cultural control is on enabling employees to control themselves and others in their team. Indirect controls aim to activate self and group control within the company. In contrast, the direct and more formal types of control, results and action control, can be interpreted by employees as boundaries and hence hamper innovativeness and creativity.
Of course, it is important that this theoretical framework is tested empirically in order to reveal whether the suggested eleven contingency factors are relevant for the innovation company setting at all whether the hypothesised relationships also hold in practice and what the extent of the significant relationships is. Even if an empirical investigation would reveal conflicting contingencies that are of relevance for a certain company, from the extent of the significant path coefficients, a manager would be able to decide whether a certain control category should be intensified or rather decreased. This framework helps in summing up the different control papers discussing single control instruments and few contingency factors and is therefore of interest for an empirical investigation.
From a managerial perspective, the framework does not deliver a clear-cut guideline about which control types should be applied. However, contingency is not about proposing a onebest control system for all innovation companies, but has to be viewed in the context of the specific circumstances faced by a company. The design of the control system is a managerial choice, and underlies the concept of contingency theory's 'selection approach'. For further research, it is important to correctly classify specific controls in order to be able to prescribe which components of results and action control may need to be limited in innovation companies.
This paper adds to the literature on motivations for adoption of MCSs by identifying and structuring specific factors which are expected to lead to more intensified use of four types of controls. The insights derived, especially if supported by empirical evidence, will have value for managers of all companies but especially for those of innovation companies. Managers may have an incentive to intensify or adapt their MCS in order to better respond to the specific circumstances their company faces. In addition there are potential policy implications for innovation networks and broader institutional bodies.
